Human brain is one of the most complex and the most vital human body organs with different parts of it being interconnected even if these parts are anatomically separate. It is essential to consider the brain function as an integrated system in order to get insight into the complex structure and function of the cerebral network as a key concept in neuroscience. The patterns obtained from the function of different brain areas and their processing techniques yield a complete set of information about the available relationship between brain areas and make it possible to analyze the function of the brain system correctly using new modeling tools. In this regard, in the present study, brain function was analyzed in 6 subjects using the picture-naming test (148 images of animals D249 and tools D250) and EEG signal recording method through 256 channels. In this two-session test (with 74 stimuli), 12 signals related to the brain function of these subjects were recorded and analyzed in delta, theta, beta, alpha and non-filter state. Furthermore, the pattern of relationship between the channels and the brain communication network in different areas was calculated and elicited in two modes of D249 and D250 (the test stimuli included animals and tools pictures) using the available tools and calculation methods (correlation coefficient, t-test and association rule mining). The obtained results showed that the frontal and temporal areas had the highest activity in comparison with other areas. The brain behavioral patterns in these subjects were very similar in the three bands of theta, beta and alpha.
Introduction
During the recent years, studies have comprehensively examined brain signals in order to find out the relationship between different parts of the brain and the interactional effects of these parts on one another. In fact, identifying different active parts of the brain and finding their location is of high significance in diagnosis of many neural and mental diseases. There is a large evidence showing that understanding the brain functional connectivity are the result of activation of the distributed network in its different zones, which are acting specifically and, most probably, separately as distinct focal points. Functional connectivity is a classification that has been made by the neural assemblies as time correlation between electrophysical signals. As a matter of fact, the brain functional connectivity can be used as a good criterion and a strong means of examining the brain dysfunctions as this method can be effective in evaluating the changes in brain links in the patients. Electroencephalography signal (EEG) is one of the physiological indices which make it possible to consistently measure cognitive load and to track human brain activity changes online and in a particular time span. EEG also identifies brain waves and uses these rhythms for sensual recording and tracking perception, movement and cognitive processes, which are related to learning and memory (Antonenko, Paas, Grabner, & Van Gog, 2010) . In addition, EEG signals are mainly created by electric activity of the neurons in the cortex and, normally, the signal for every EEG electrode represents the activity of the neuronal resources of the cortex below it (Sakkalis, 2011) .
It should be mentioned that in the theories related to graph, statistical techniques and mathematics can be used to describe and analyze dynamic systems and interconnected bodies. Graph theory is a branch of Investigation of Functional Brain Connectivity by Electroencephalogram Signals using Data Mining Technique mathematics which was proposed in 1736 by Leonardo Euler. In many of the studies in which the graph theory has been used, random graphs in the modern network science have been reexamined (Einalou, Maghooli, Setarehdan, & Akin, 2017) . The results of majority of these studies indicate that the majority but not all of them (including the discrete systems) are non-random. This organization reflects the processing that is the basic component of its growth and capabilities in which knowledge of the complex brain network can be the first essential step in understanding its functions as an integrated system. In the meantime, in order to examine brain network functions and also for collecting a wide range of data related to its links, various brain mapping techniques are used (Barahimi, Einalou, & Dadgostar, 2018; Dadgostar, Setarehdan, Shahzadi, & Akin, 2016 Einalou, Maghooli, Setarehdan, & Akin, 2014; Einalou, Maghooli, Setarehdan, & Akin, 2015 Einalou et al., 2017; Honey, Kötter, Breakspear, & Sporns, 2007) .
During the recent decades, comprehensive studies were carried out to identify different active brain zones. In 1994, Friston claimed that when the brain networks are examined at a large scale, nodes can be indicative of different zones of the brain. According to him, depending on the type of datasets, links are indicative of explanatory, applied or effective relations in the brain. Explanatory relations are normally related to the white matter between a pair of the brain lobes. Similarly, functional links are dependent on the amount of time correlation in brain activity and it is likely that this connection happens between a pair of the brain lobes without any relationship with the body anatomy (Friston, 1994) .
Watts et al. (Watts & Strogatz, 1998) presented the Small-World networks. According to them, the unit of Small-World networks in the brain is not effective without taking into account the links and they do not provide us with much information. Accordingly, it can be stated that the metabolic rate of the body provides a better response.
In 2010, Olaf Sporns defined brain network structures as the mathematical display of a real world, which has been defined by a set of nodes (vertices) and links (edge) between a pair of nodes .
In a new study, Rubinov et al (Rubinov & Sporns, 2010) and Bullmore et al (Bullmore & Sporns, 2009) showed the features of the brain network organization in the framework of a quantitative analysis using modeling.
Overall, the result of their study, which had been prepared in a short period of time, showed a general profile of the network performance and methods that are related to human brain anatomy at a large scale. In this study, proximity and distance matrices were used and it was found that there was a direct relationship (edge) or indirect links (routes) among the neural nodes.
In study in 2009 for measuring of brain functional connectivity (Zhou, Thompson, & Siegle, 2009) , they also pointed out that depending on the method used for investigation of functional connectivity, the interactions reflect a linear or non-linear interaction in the brain at different time scales.
Horwitz (Horwitz, 2003) found that the nature of nodes and links in the brain networks has been determined using a combination of methods such as mapping, explanatory designs and their connective values and many of these combinations happen in different algebraic settings.
Mahmoud Hassan et al. (Hassan, Dufor, Merlet, Berrou, & Wendling, 2014) noted that they used EEG signal in picture naming test for recording in healthy individuals. In this test, based on the previous information, the efficiency criterion was determined based on the number of specified links in different targeted zones. According to them, they suggested this criterion is potentially dependent on the brain active networks. The obtained results in their study indicated that the three main factors examined in their study (i.e., number of scalp electrodes, a combination of the algorithms used for solving the problem of brain signal return, and maintaining the frequency band estimated from the functional connection among the neocortical Investigation of Functional Brain Connectivity by Electroencephalogram Signals using Data Mining Technique resources) have a considerable effect on the final outcome depending on the method being used. They also discovered that Estimated Minimum Weight and phase synchronization method have been used for registering the EEG signal in gamma and beta bands, and the best performance was found to be in the topologic distance between anonymous network and the network it is expected to have in cognitive functions. They suggested a new algorithm for tracking the dynamic brain connection function. This algorithm has been used with the purpose of dividing the connection functions in the micro-sets and the connection graph has been obtained in the k-means clustering. In this study, our research is the introduction of a simple and straightforward signal processing algorithm. Correlation analysis that allowed us to focus on the functional connectivity in four different frequency bands (beta, alpha, theta and delta). In the following section, the rules that have been obtained and also the similarities between different brain networks related to various stimulants have been addressed.
Materials and methods

The proposed algorithm
Non-invasive recording of the EEG signals was used in the present study to collect data and using the existing analysis methods and tools, the functional connectivity of the brain of the participants in the test was examined.
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Nayereh Eslamieh, Zahra Einalou Considering the use of 256 EEG signal channels for recording this test, the relations matrix was calculated for all the channels using correlation analysis. Then, the active areas of the brain with a p-value of lower than p<0.01 were identified using t-test. In addition, the calculated values were used for obtaining a good model for interpreting the connection between different parts of the brain. Using associative rules mining, the connection patterns of the different areas in the brain network were found in four different bands (beta, theta, alpha, and delta). In the first step, the active channels were determined in any of the brain frequency bands. As the next step, the number of links related to that particular channel was calculated.
Finally, based on the overall positive correlation in each channel, some rules were obtained that showed which channel had a positive correlation Investigation of Functional Brain Connectivity by Electroencephalogram Signals using Data Mining Technique with that channel and which anatomic zone of the brain was involved in which of the D249 (animals) and D250 (tools) task was determined. The procedure followed in the present study was based on the algorithm presented in Figure 1 .
Data collection
In the present study, the data recorded by Ahmad Mheich (Mheich, Hassan, Khalil, Berrou, & Wendling, 2015) , which had been collected during a visual test using EEG signal registration method, were used. In this visual test, which was held with six participants, standard pictures presented in a valid psychology database (E-PRIME 0/2, i.e., Psychology Software Tools, Pittsburgh, PA) were used. During two sessions (of about eight minutes), the participants were asked to name 148 selected pictures (The 148 images were selected from a database of 400 pictures standardized for French, Alario and Ferrand1999) including pictures of tools (D250) and animals (D249) (74 stimulants for every session). Simultaneously, brain activity of the participants was recorded using hr-EEG system (EGI, Electrical Geodesic Inc.) with 256 channels and a total of 12 signals were recorded. EEG signals were collected with a 1 KHz sampling frequency and band-pass filtered between 3 and 45Hz (Mheich et al., 2015) .
Data pre-processing
The data collected from this test was analyzed using the EEGLAB toolbox (It is a toolbox for MATLAB software). It should be noted that all the steps of taking the visual test, any noise produced by blinking or caused by any other factor was eliminated. The pre-processing phase was carried out for four rhythm frequency of the brain signals (beta, theta, delta and alpha) In two states of D249 and D250 (in 0.8 milliseconds) and the location of 256 channels was also specified for every signal in the EEGLAB toolbox. 
Data processing
As in the previous studies conducted so far, in order to discover the brain functional connectivity and show the performance of its different zones, we sought to identify the functional connectivity matrix in a way that an attempt was made to show how brain network features can be changed in a relatively short time. Functional connectivity can be measured in the time domain using methods such as the correlation coefficient. The correlation between two random variables of X and Y is calculated as:
The data collected from this test was analyzed using the EEGLAB toolbox (It is a toolbox for MATLAB software). It should be noted that all the steps of taking the visual test, any noise produced by blinking or caused by any other factor was eliminated. The pre-processing phase was carried out for four rhythm frequency of the brain signals (beta, theta, delta and alpha) In two states of D249 and D250 (in 0.8 milliseconds) and the location of 256 channels was also specified for every signal in the EEGLAB toolbox.
There was also a need to use an appropriate statistical test (t-test) for the purpose of the study. In other words, in order to find the difference between the groups and compare their different measurement conditions, there was a need for a statistical analysis that fitted the unique features of the test. T-test can be used for finding out whether the samples mean are the same as
There was also a need to use an appropriate statistical test (t-test) for the purpose of the study. In other words, in order to find the difference between the groups and compare their different measurement conditions, there was a need for a statistical analysis that fitted the unique features of the test.
T-test can be used for finding out whether the samples mean are the same as or different from the sample population mean in a way that the standard deviation value is not known. For this purpose, for determining whether the correlation coefficient of the sample is statistically different from zero, t-test is used.
Accordingly, for gaining a correct understanding of the results obtained from the calculations made in the test, the functional patterns of the brain network in different frequency bands were extracted using data mining techniques and by discovering the associative rules.
As it was previously mentioned, in the present study, MATLAB and EEGLAB toolbox were used for simulation. Simulation was carried out on two data series; one was the test data (which exists in EEGALB by default) and another was the real data collected using EEG signal recording method (from the picture naming test administered to the participants). Investigation of Functional Brain Connectivity by Electroencephalogram Signals using Data Mining Technique During the test, the participants' brain activity was stored as data using EEG signal recording method, which included 256 channels. The collected signals of the brain performance of each of the individuals were retrieved and analyzed by the EEGLAB software. In this visual test, any noise in the form of blinking, eye movement or any other source of noise production was removed from analysis. During the test, each individual was asked to say out the name of the pictures they were displayed on the screen. In fact, the main purpose of this test and the previous studies in this regard was to show how the features of brain networks can be changed in a relatively short time. In line with this purpose, we tried to identify the functional connectivity and activity of different areas of the brain.
In the present study, in the first step, the test data, which were presented by default, were read using the EEGALB toolbox. Then, an attempt was made to analyze the presented data using the EEGLAB toolbox by determining the default data parameters such as sampling frequency and the number of channels. Subsequently, based on the number of channels in the signal recording method, location of the channel of each signal was determined. The data collected via naming of the pictures administered to the participants was recorded by EEG signal and entered in the EEGALB toolbox. In the next stage, location of the channels was determined based on the number of electrodes on the participants' head. It is worth noting that the number of channels that have been used in this test for registering and examining the participants' brain activity was 256 electrodes.
Having determined the location of the channels, an information profile was prepared for each of the individuals, which included the number of channels, the number of events, sampling rate (sampling frequency, time of the first and last event in the signal, location of active and non-active channels and also the volume of the presented data). After the recorded data was completely retrieved and location of each EEG signal channel was entered and specified, any of the recorded signals was separately filtered in 560 Nayereh Eslamieh, Zahra Einalou any of the frequency bands considering the fact that brain signals had four main bands including theta, beta, alpha and delta.
As it was already mentioned, the pictures displayed to the participants on the test included standard pictures of tools and animals. 
Results
The result has been displayed as a brain map in the framework of a brain behavioral pattern in the bands of delta (Figure 2 ), theta (Figure 3) , alpha (Figure 4 ), beta ( Figure 5 ), and non-filter state (Figure 6 ). In the following section, the rules that have been obtained using logical relationships using which the patterns formed in four frequency bands of the brain and also the similarities between different brain networks related to various stimulants have been addressed. As the next step, all the links related to any of the active channels were identified and, considering the degree of connection in each of these channels, the total correlation value was calculated for that particular channel. Finally, taking into account the total positive correlation value in each channel, some rules were obtained that showed which channel had the highest connection in each of the frequency bands. Furthermore, by identifying the channel with a positive correlation with the intended channel, we concluded which of the brain anatomic areas was involved in which of the two prompts, D249 (animals) and D250 (tools). Table 6 shows the largest correlation value in different bands and brain areas involved.
Based on the analyses made in the present study, which was aimed at comprehensive examination of the brain functional connectivity, it was found that the brain has the same behavioral pattern in the three bands of beta, theta and alpha. In other words, there was a common channels that have been repeated in each of the three band include channels numbered 19, 208, 177 and 200. Channel number 12 in the theta band is a common channel that has had the highest connection in majority of the interconnected channels.
Channel number 25 in the beta band is a common channel that has had the highest connection in majority of the interconnected channels Channel number 20 in the alpha band is a common channel that has had the highest connection in majority of the interconnected channels.
It should be noted that the obtained results in this study are indicative of the fact that the brain connection patterns in the theta, alpha and beta frequency bands are similar and the most active anatomic areas involved in the brain include the temporal and frontal areas. Besides, in the delta band Investigation of Functional Brain Connectivity by Electroencephalogram Signals using Data Mining Technique functional connectivity using data mining technique for extracting the related rules in order to promote the quality of studies carried out on this issue so far. In line with this purpose, while Ahmad Mheich (Mheich et al., 2015) and all the other studies had examined brain functional connection in one frequency band only, the present study evaluated and analyzed the brain functional connectivity in four frequency bands (delta, theta, beta and alpha). Furthermore, Ahmad Mheich (Mheich et al., 2015) proposed an algorithm based on clustering of the connection matrices using the phase lock method. In the present study, however, correlation coefficient and associative rules were used for obtaining the functional connectivity networks of the brain in the mentioned bands. Finally, it should be pointed out that although an attempt has been made to examine the similarities and the links between the connection channels and networks of the brain in different considering the visual test prompts, as in the studies carried out by Ahmad Mheich, EEG signal recording method was used with 256 channels.
The results from the present study showed that the three brain connection patterns in the theta, alpha and beta frequency bands are similar and the most active anatomic brain areas involved are related to the temporal and frontal lobes. Besides, in the delta band and in the non-filter state, another network has been activated in the occipital area.
Despite the fact that many studies have so far been conducted on the brain functional connectivity, as an important challenge in cognitive neuroscience, there are many unknown dimensions in this respect.
